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M ore than a century ago, the Phineas Gage case re-vealed that frontal lobe lesions can cause personal-ity and social cognition impairment. Since its
description, clinical observations1 have highlighted impor-
tant similarities between the symptoms of patients with
prefrontal lesions (PFL) and patients with the behavioral
variant of frontotemporal dementia (bvFTD). Both condi-
tions share symptoms such as distractibility, personality
changes, social inappropriateness, and markedly impaired
moral judgments.2,3 However, to our knowledge, no studies
have compared PFL and bvFTD regarding any social cogni-
tion domain.
Social cognition tasks are particularly sensitive in detect-
ing impairment in frontal patients.4 Moral reasoning is a so-
cial cognitiondomainaffected inboth conditions.2,3 Thebrain
areas usually affected in bvFTD5,6 (the ventromedial prefron-
tal cortex [VMPC],orbitofrontal cortex,anterior temporal lobes,
amygdala, and insula) are involved inmoral cognition.7More-
over, patientswithVMPCdamage showabnormalmoral judg-
ments of harmful intentions in the absence of harmful
outcomes.3 However, to our knowledge, no studies of bvFTD
havepreviouslyexaminedtheprocessingof intentionsandout-
comes in moral judgment.
Thiswork compared themoral judgmentsofpatientswith
bvFTD and patients with PFL by means of a well-character-
ized task3 involving scenarios that disentangle the contribu-
tions of intentions and outcomes to moral judgment.
Methods
Participants
All participants provided written informed consent in agree-
ment with the Helsinki declaration. The ethics committee of
the InstituteofCognitiveNeurologyapproved this study.Eight
patients with unilateral chronic cerebrovascular lesions con-
fined to frontal structureswere recruited.All patientswere as-
sessed at least 6months after the lesion andnoneof themhad
aphasia or motor difficulties.
Nineteen patients fulfilled the revised criteria for prob-
able bvFTD.8 All patients underwent neurological, neuropsy-
chiatric, andneuropsychological examinationsandwere in the
early or mild stages of the disease. Patients with bvFTD and
patientswithPFLwithpsychiatric disorders, other neurologi-
cal diseases, or diffuse brain damage in neuroimaging were
excluded.
IMPORTANCE Several clinical reports have stated that patients with prefrontal lesions or
patients with the behavioral variant of frontotemporal dementia share social cognition
impairments. Moral reasoning is impaired in both conditions but there have been few
investigations that directly compare this domain in the 2 groups.
OBSERVATIONS This work compared themoral judgments of these patient groups using a
task designed to disentangle the contributions of intentions and outcomes in moral
judgment. For both disorders, patients judged scenarios where the protagonists believed that
they would cause harm but did not as beingmore permissible than the control group.
Moreover, patients with frontotemporal dementia judged harmful outcomes in the absence
of harmful intentions as less permissible than the control participants. There were no
differences between the 2 conditions.
CONCLUSIONS AND RELEVANCE Both disorders involved impairments in integrating intention
and outcome information for moral judgment. This study was the first, to our knowledge, to
directly compare a social cognition domain in 2 frontal pathologies with different etiology.
Our results highlighted the importance of comparing patients with vascular lesions and
patients with neurodegenerative diseases.
JAMA Neurol. 2014;71(9):1172-1176. doi:10.1001/jamaneurol.2014.347
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The performances of patients with PFL and patients with
bvFTD were compared with the performances of 8 and 19
healthy control participants, respectively (matched by
relevant variables, eTable in the Supplement). Individuals
with a history of psychiatric or neurological diseases were
excluded.
Magnetic Resonance Imaging Assessment
All patientswith PFLunderwentmagnetic resonance scans at
least 6monthsafter the lesion.The lesionsweremappedusing
MRIcro software (www.mccauslandcenter.sc.edu/mricro
/mricro/mricro.html). Thesemapswere normalized to a stan-
dard templateusing the statistical parametricmapping-5 soft-
warewith cost-functionmasking.9Eachpatient’s lesionswere
mapped on a standard brain (Figure 1).
For each patient,we calculated the percentage of each re-
gion included in the lesion. For a subgroup analysis, the pa-
tients were divided into 2 subgroups based on whether the
VMPCwas involved or not. Thus, 3 of the 8 patients with PFL
were classified as having VMPC involvement (Figure 2).
Moral Judgment Task
General cognitive state andpremorbid IQwere assessed (eAp-
pendix 1.2 in the Supplement). Following the protocol re-
portedelsewhere,3,10wepresentedtheparticipantswith24sce-
narios.Fourvariationsof eachscenario followeda2 × 2design:
the protagonists either harmedanother person (negative out-
come) or did no harm (neutral outcome) or the protagonists
either believed that they would cause harm (negative inten-
tion) or believed that they would cause no harm (neutral in-
tention). Eachpossible beliefwas true for 1 outcomeand false
for the other outcome. Thus, the 4 scenarios were as follows:
(1) no harm, (2) accidental harm, (3) attempted harm, and (4)
successfullyattemptedharm.After readingeachstory, thepar-
ticipantswere asked to rate the scenarioonaLikert scale rang-
ing from totally permissible (7) to totally forbidden (1) (de-
tails in eAppendix 1.1.1 in the Supplement).
Data Analysis
Demographic and neuropsychological data were compared
using analysis of variance (ANOVA) and χ2 tests for the cat-
egoricalvariables.Moral judgmentswereanalyzedusingmixed
ANOVA.Theplannedcomparisonswereperformedusing1-way
ANOVAcorrectedwithTukeyHonestly SignificantDifference
tests. Tocompare theperformanceofpatientswithbvFTDand
patients with PFL, we performed ANOVA-adjusted compari-
sons for the moral judgments of their respective control par-
ticipants. Intragroup comparisonswere also performed (eAp-
pendix 1.2 in the Supplement). We used a nonparametric test
to compare the performance of patients with PFL with and
without VMPC involvement. Finally, we performed multiple
single-case analyses using a modified 1-tailed t test.11,12 This
methodallows the comparisonof the scoreof eachof the 3pa-
tients with VMPC involvement with scores obtained by the
group of 5 patients without VMPC lesions. This test is recom-
mended for single-case analysis, is more robust for nonnor-
mal distributions, andpresents lowvalues of type I error. The
effect sizes (zcc) were obtained using the same methods pre-
viously reported as point estimates.13
Results
The eTable in the Supplement presents the general cognitive
status results (details in eAppendix 2.1 in theSupplement). Pa-
tients with bvFTD exhibited a lower performance than con-
trolparticipantson theMini-Mental StateExaminationand the
executive functions screening. No significant differences be-
tween patients with PFL and control participants were ob-
served.
Moral Judgments
Figure 3 shows the moral judgments for each group.
PatientsWith PFL vs Control Participants
An interaction between intention and group (F1,14 = 5.04,
P < .05) and a tendency for outcome × group interaction
Figure 1. Lesions of PatientsWith Prefrontal Lesions
L R
z = 40
Left and right medial (top) and axial section (bottom) views. Each lesion is
shownwith a different color. L indicates left and R, right.
Figure 2. Lesions of PatientsWith andWithout Involvement
of the Ventromedial Prefrontal Cortex (VMPC)
L R
–24 24
Left and right brain medial views of patient lesions with (red) and without
(green) VMPC damage. L indicates left and R, right.
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(F1,14 = 4.30, P = .06) were both identified. The planned
comparisons revealed that patients with PFL judged
attempted harm as more permissible than the control par-
ticipants (F1,14 = 32.14, P < .01). No significant differences
were observed for the other scenarios (eAppendix 2.2.1 in
the Supplement).
PatientsWith bvFTD vs Control Participants
Significant interactions were observed between intention
and group (F1,36 = 31.26, P < .01) and between outcome and
group (F1,36 = 27.19, P < .01). The planned comparisons
showed that patients with bvFTD judged accidental harm as
less permissible (F1,36 = 27.19, P < .01) and attempted harm
as more permissible than the control partic ipants
(F1,36 = 30.05, P < .01). There were no significant differences
for the other scenarios (eAppendix 2.2.2 in the Supplement).
PatientsWith PFL vs bvFTD
Therewere no significant differences in any of the conditions
(eAppendix 2.2.3 in the Supplement). The covariate with the
control condition (paired cases) did not show a significant ef-
fect in any of the analyses.
Considering that the statistical significance depends,
among other factors, on the variability of each group, we
reanalyzed the data on the patients with PFL and bvFTD,
excluding the participants who were below (minus 2 SDs) or
above (plus 2 SDs) the group mean. The results showed that
patients with bvFTD judged accidental harm as less permis-
sible than the patients with PFL (F1,22 = 5.98, P < .05) (see
details in eAppendix 2.2.3 in the Supplement).
Intragroup Comparisons
Intragroup comparisons revealed that the patients with PFL
and bvFTD were able to discriminate the content of the
intentions and outcomes (details in eAppendix 2.2.4 in the
Supplement).
No significant differenceswere detected in any condition
between patients with and without VMPC involvement in-
cludingnonharm(z = −0.44,P = .65), accidentalharm(z = 0.74,
P = .44), attempted harm (z = −0.14, P = .88), and success-
fully attemptedharm(z = 0.89,P = .97).The resultsof themul-
tiple single-cases analyses (eAppendix 2.2.4 in the Supple-
ment) also showed that the performance of each patient with
VMPC damage was similar to that of patients without VMPC
involvement.
Discussion
Similarmoral-cognition impairmentshavebeenreported inpa-
tientswithPFL14 andpatientswithbvFTD2butnoprevious re-
search, to our knowledge, directly compared this domain be-
tween these 2groups.The results of this study suggest that the
moral judgment abnormalities inbothgroups are related to an
impaired integration of intentions and outcomes.
Moral Judgment Abnormalities
A previous study3 using the same scenarios showed that pa-
tientswith bilateral VMPCdamage judged attemptedharmas
moremorallypermissible thanthecontrolparticipants.Werep-
licated these findings in a sample of patients with unilateral
PFL not restricted to the VMPC. We found no differences be-
tweenthemoral judgmentsofpatientswithPFLwithandwith-
out VMPCdamage. Thus, our results suggest that not only bi-
lateral VMPC lesions but also unilateral damage to other
prefrontal regions can trigger this specificmoral judgment im-
pairment.
Moreover, regarding bvFTD, we found the same impair-
ment in judging attempted harm. However, these patients
also exhibited abnormal moral judgment of accidental
harm. The patients with bvFTD were less willing than the
control group to exonerate protagonists for accidentally
causing harm. Exculpating an agent who causes harm acci-
dentally requires an especially robust representation of the
intentions, as it is necessary to use this information to over-
ride a preponderant negative response to the outcome.15
Therefore, judgments of accidental harm particularly
involve the capacity to integrate information about the
agent's intention with contextual cues of the situation, a
process that seems to be impaired in bvFTD.5
Figure 3. Moral Judgments and Significant Differences Between Groups
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Patients with prefrontal lesions (PFL) and patients with the behavioral variant of frontotemporal dementia (bvFTD) judged attempted harm as significantly more
permissible than the control participants. Patients with bvFTD judged accidental harm as less permissible than the control participants.
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NodifferencesbetweenpatientswithbvFTDandPFLwere
observed in any of the scenarios. However, reanalysis of data
excluding the outliers revealed that the patients with bvFTD
judged accidental harm as less permissible than the patients
with PFL. This result suggests that despite a common moral
cognition impairment in both conditions, subtle differences
may be evident in larger samples.
Regarding the common patient group impairment and in
contrast toneurotypical individuals,15patientswithbvFTDand
PFL judged attempted harm by focusing on the neutral out-
comes instead of the protagonists' negative intentions. Thus,
the performance of both groups is characterized by an over-
reliance on outcome rather than by the integration of inten-
tions and outcomes.
In addition, patients with bvFTD judged accidental harm
by considering the negative outcomeswithout the neutral in-
tentions. A previous study assessed patients with high-
functioning autism16 on the same scenarios used here. Simi-
lar to patientswith bvFTD, individualswith high-functioning
autismexhibit real-life difficulties in social interactionbut of-
ten succeed in laboratory tests. Furthermore, patients with
high-functioning autism showed the same deficit in judging
accidentalharmobserved inbvFTD.Thispatternof resultsmay
reflect amoral-judgment impairment characterizedby anun-
derreliance on information about a person’s innocent inten-
tions and, as a direct result, an overreliance on the action’s
negative outcome.16
Implications for Theoretical Approaches
Neuroimaging7and lesionstudies3 suggestaspecific roleofcer-
tain areas inmoral judgment, eg, theVMPC is crucial in evalu-
atingharmful intent. In this study, patientswithPFL (withand
withoutVMPCdamage) exhibited similar performance.More-
over, although VMPC may be affected in bvFTD, the atrophy
patternof thesepatientsextends toother frontotemporalareas,
including the orbital regions, amygdala, insula, right tempo-
ral pole, and white matter tracts.6,17 The frontoinsular-
temporal involvement should impact the bvFTD moral
judgments.18 Thus, our preliminary results indicate that im-
pairment in patients with lesions that exclude the VMPC and
patients with frontotemporal affectationmay be comparable
with the impairment inpatientswith focalVMPC lesions. Fur-
ther studies should assess larger samples of patientswith PFL
with and without VMPC damage.
Bothgroupsofpatients showedsimilar behavioral impair-
ment inmoral cognition.Our findings suggest thatmoral judg-
ment may be dependent on frontotemporal networks. Sup-
porting this view, the event-feature emotion complexmodel7
proposes that moral cognition is not restricted to VMPC but
emerges from the integration of content and context-
dependent representations in the cortical (frontal and tempo-
ral) and limbic networks. In line with this approach, the so-
cial contextnetworkmodel5describes thecontextual influence
onsocial cognitionprocessingasdependentona frontoinsular-
temporalnetworkthat isconsistentlyaffected inbvFTD.6More-
over, frontotemporal connections canalsobedamagedbyvas-
cular PFL. Further neuroimaging and lesion studies shouldbe
performed to establish the specific neural regions and net-
works involved in the processing of intentions and outcomes
in moral judgment.
Although our results are preliminary, they constitute the
first direct comparison, to our knowledge, of themoral judg-
ments of patientswith 2 frontal pathologies of different etiol-
ogy. These findings highlight the importance of studies com-
paring social and cognitiveprocesses inpatientswithvascular
lesions and patients with neurodegenerative diseases.19
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